Yeasts are eukaryotes like us, and they have informed us about our cellular and molecular biology for many decades. They are unicellular and live with 6000 genes, carrying out many of the same processes that we do. Like us, yeast exhibit the same processes of aging, with telomere shortening, loss of mitochondrial function, reduced proteostasis, reduced robustness and stress. Some of these attributes are associated with aging and may not be the cause of aging. Therefore, it is important to consider attributes that clearly affect the fitness of cells. We have constructed yeast with a reporter of deleterious protein turnover. It involves the Alzheimer's amyloid beta peptide fused to a green fluorescent protein to aid its visualization in living cells. The use of this reporter enables high throughput assays to find compounds that can improve proteostasis in older cells. Compounds, like simvastatin, improve proteostasis and improve health outcomes inageing. Stress and biochemicals may decrease health and lifespan. Yeast can be used to study aging, drugs and stress, and to search for compounds that improve robustness in cells affected by drugs or stress.
Introduction
The study of cellular and molecular biology is not at all easy in humans. Our knowledge tends to come from:
• observations of people with natural "mutations";
• observations of people with respect to lifestyles and diets;
• from experiments involving mammalian cell culture;
• from experiments with mice;
• from extrapolation from yeast and other model organisms, like the worm Caenorhabditis elegans.
Extrapolation from yeast may come as a surprise to the reader. In fact, yeast has contributed more to the knowledge of our basic biology than any other organism. Some recognition of this is seen in the large proportion of Nobel Prizes in Medicine and Chemistry that have been awarded for studies in yeast [1] [2], most often budding yeast, which represents the majority of yeast.
While a yeast culture may seem immortal, the population within it is very heterogeneous, and a small fraction of the cells will be dead. Most yeast species exhibit vegetative growth by budding. Cells grow and reach a point where they divide by giving rise to new growth in a bud which eventually releases from the mother to form an independent new cell. Throughout their life cells continue to bud and with each bud they produce, there is a bud scar, so the age of the yeast (that is, how many buds she has produced) can be measured by the number of bud scars on the surface (see Figure 1 ). Using modern technologies, it is possible to study sub-populations of different age within a yeast culture.
Ease of Use

Yeast Culture and Single Cell Studies
Yeasts have been cultured successfully for millennia in the manufacture of beer, wine and bread. Their culture is inexpensive and can utilize rich media as well as Figure 1 . Growth of the budding yeast Saccharomyces cerevisiae seen in three generations. The first cell grows a bud which breaks off to leave a mother and daughter cell. The mother is left with a bud scar. Both repeat the process and each new mother is left with a bud scar. A third division is also shown, resulting in eight cells (bottom line) comprising four young cells without bud scars. The mothers of these cells may be relatively just one generation older (with one bud scar), and older mother cells with two or more bud scars. The oldest cell, with three bud scars, displays signs of aging (discussed in the text). Note that this diagram predicts a older cells to comprise ~12% of the population. 
Yeast Genetics
Yeast genetics have been studied for almost a century. Auxotrophic mutations in yeast were obtained to decipher biochemical pathways and they were freely distributed between yeast genetics laboratories throughout the world, rapidly aiding our knowledge of biochemical pathways. Yeast genetics greatly aided the emerging area of molecular biology in the 1980s and helped the establishment of gene and gene product relationships. It was convenient that yeast had very few introns, so the elucidation of the structure of the structure of the yeast nuclear genome in 1996, the first eukaryotic genome to be fully sequenced, was more straightforward.
Since that time reverse genetics has been at play and the effects of most genes are now known. Such information has been used to inform about human genes with similar encoded functions. With the availability of yeast deletion libraries,
we have a systematic view that many genes affect the lifespan of yeast, and many affect the health of cells.
Yeast Mitochondrial Genome
The mitochondrion is known as the powerhouse of the cell, and in humans its These processes can also be observed in yeast by tagging these problematic proteins with a fluorescent tag to enable their visualization in cells. Yeast cells were engineered to produce Aβ tagged with green fluorescent protein (to make GFP-Aβ), enabling it to be produced and seen in whole yeast cells [3] . It can be seen in Figure 2 [10].
Proteostasis
Most remarkable however, is that in a large epidemiological study of millions of people, simvastatin stands out among statins as a drug that lowers the incidence of Alzheimer's and Parkinson's disease [11] , which are leading causes of age-related morbidity. The yeast study, for the first time, suggests that statins might exert their protective effect through removal of Aβ.
Further work is required to determine whether simvastatin might be exerting a protective effect in Parkinson's disease through the removal of a deleterious protein like α-synuclein.
Stress
Stress has a major impact on our health and our survival. Yeast also activates genes to help cope with the stress. Using genome wide expression analyses we can find out how they respond to the stress. Many genes are activated by stress and they have become known as stress-response genes.
The same set of genes is induced by heat stress, reactive oxygen species and misfolded proteins. This set each have a specific "heat shock element" (HSE) upstream of the genes that respond to these stresses. They are all "switched on" in cells producing GFP-Aß, aiding in defense against the stress of this deleterious protein.
Mounting stress responses may protect against stress but if there is no stress, the stress response may itself be harmful. For example, it is apparent that autoimmune diseases turn defense system against the body. Likewise, chronic inflammation appears to cause major debilitating diseases like chronic fatigue, fibromyalgia and arthritis.
In addition, there are other things to note in the analysis of the genome wide expression. One of the most highly induced genes, AHP1, encodes an allyl hydroperoxidase that is involved in detoxification of toxic lipid peroxides. This suggests oxidation of lipids may be involved in Aβ toxicity.
The presence of GFP-Aβ induces stress in yeast and this can be measured by genome wide expression, or by reporter assays. For example, linking the HSE to a reporter gene like lacZ allows the detection of the lacZgene product, β-galactosidase, when cells are stressed. It can be seen that if the formation of Aβoligomers is inhibited, the cells are less stressed [3] . Likewise, this system can be used to screen for compounds that decrease stress on cells.
Dealing with Toxic Natural Biochemical and Pharmaceuticals
Our bodies produce and rely on thousands of biochemicals, including some that are toxic. One such example is the neurotransmitter dopamine. Dopamine is es- Further, yeast demonstrate that protection from this inhibition can be obtained through the use of antioxidants like glutathione and ascorbate [14] .
Other biochemicals that have been examined in yeast studies include biogenic amines, like tyramine (C. Kadkol and I. Macreadie, unpublished) and phenyl ethylamine [15] , L-DOPA [16] , and drugs like fluoxetine (K. Spencer-Bakes and I. Macreadie, unpublished).
Conclusions
Yeast can be used for many studies on aging and cell health. Yeast offers convenient handling and quick results.
Study of the cholesterol lowering drug, simvastatin, indicates that it also aids the clearance of a deleterious protein, and probably also does this in people, suggesting this may account for its beneficial effects in AD and PD.
Stress can be observed in yeast, as well as agents that increase or decrease stress in yeast.
Yeast can be used to study toxic biochemicals, as well as ways to reduce the toxicity of such biochemicals.
Although some extrapolation is called for in applying yeast knowledge to human health, the lessons learned from yeast are valuable.
